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Abstract 
Reindeer (Rangifer tarandus tarandus) are known to host a wide variety of parasites, including 
those in the gastrointestinal system. Here, we review the current knowledge of the main 
gastrointestinal parasites of reindeer focusing on northern Fennoscandia, which comprises parts 
of Finland, Sweden, Norway and Russia. We explore both the historical baseline data for 
diversity and distribution and recent advancements in our understanding of parasite faunas in 
reindeer across this region. It is evident that the balance between reindeer and their 
gastrointestinal parasites, along with the potential for emergent disease in the changing world 
warrants careful monitoring and further studies.  
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1. Introduction 
 
In northern Fennoscandia, comprising parts of Finland, Sweden, Norway, and Russia, reindeer 
(Rangifer tarandus tarandus) are semidomesticated animals that graze freely on natural pastures 
most of the year. Geographically, reindeer husbandry is relatively stationary in Finland 
(Horstkotte and Aikio, 2017), while seasonal migration between summer and winter grazing 
grounds is typical in Sweden and Norway.  
 
Reindeer have a high prevalence of subclinical, low-intensity mixed gastrointestinal parasitic 
infections (Halvorsen, 1986; Oksanen, 1999; Hoberg et al., 2001; Hrabok, 2006; Laaksonen et 
al., 2008; Josefsen et al., 2014; Laaksonen, 2016; Laaksonen et al., 2017; Tryland and Kutz, 
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2018; Jokelainen et al., 2019). The balance between reindeer and their parasites is subject to 
changes that are directly influenced by their husbandry, local or landscape factors of geography 
and climate. In Finnish reindeer husbandry, ivermectin is administrated annually to a large 
proportion of breeding reindeer (Jokelainen et al., 2019). Most recently, the advent of 
anthelmintic and antiparasitic resistance may directly influence population persistence, and 
changing patterns of abundance and prevalence.  
 
Here, we review the current knowledge of selected gastrointestinal parasites of reindeer with a 
focus on Fennoscandia and discuss needs for monitoring and research in the near future 
coincidental with changing management practices and environmental perturbations. The parasites 
included in this review can be detected in feces of reindeer using flotation methods and 
microscopy. 
 
2 Gastrointestinal parasites of reindeer 
 
2.1 Gastrointestinal protozoa 
 
Eimeria spp. 
Coccidians of the genus Eimeria are the most common and important gastrointestinal protozoa in 
young domestic animals (Soulsby, 1983) and they also play a relevant role in reindeer. These 
parasites live in the mucosal or lamina propria cells of the intestine and have a direct lifecycle. 
Oocysts (Fig. 1, F) are shed in the host feces. Sporulated oocysts may survive up to two weeks at 
temperatures of –12 to –20 °C in the environment (Soulsby, 1983), are capable of overwintering 
in Fennoscandian conditions, and can infect calves in the subsequent spring (Svensson, 1995). 
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Each cycle results in destruction of intestinal cells and may cause clinical disease (Dau, 1981; 
Soulsby, 1983).  
 
In reindeer a minimum 8 species have been described: Eimeria arctica (Yakimoff et al., 1939), E. 
mayeri (Yakimoff et al., 1936), E. mühlensi (Yakimoff et al., 1936), E. tarandina (Yakimoff et 
al., 1936), and Isospora rangiferis (Yakimoff et al., 1936; Yakimoff et al., 1937; Yakimoff et al., 
1939; Pellérdy, 1974), E. rangiferis (Gudmundsdóttir and Skirnisson, 2005), E. hreindyria 
(Gudmundsdóttir and Skirnisson, 2006) reviewed by Skirnisson and Cuyler (2016) and E. tuttui 
(Skirnisson and Cuyler, 2016). In Fennoscandia, unidentified oocysts attributed to species of 
Eimeria have been reported in 22% of adult Finnish reindeer (Nikander, 1986) and from Sweden 
(Christensson and Rehbinder, 1975). Although prevalence in wild adult reindeer is generally low, 
Eimeria sp. are common in semidomesticated reindeer calves. In Finland, a high prevalence of 
coccidia (35%), and often a high intensity of the infection, was observed in 494 reindeer calves 
(Oksanen et al., 1990). In a more recent study, Eimeria sp. prevalence was 48% in 115 reindeer 
calves (Laaksonen et al., 2008), and in the most recent study, Eimeria sp. prevalence was 51% 
among 460 reindeer calves (Jokelainen et al., 2019). Higher reindeer density has been identified 
as a risk factor for reindeer calves shedding Eimeria sp. oocysts (Jokelainen et al., 2019).  
 
In cervids, even heavy infection with Eimeria spp. can be subclinical (Conloque and Foreyt, 
1984; Foreyt and Lagerquist, 1994). In weakened young fawns, infection can however lead to 
serious gastroenteritis (Abbas and Post, 1980). Moderate infections in reindeer are usually 
subclinical (Christensson and Rehbinder, 1975). Because each coccidian oocyst destroys at least 
one epithelial cell when emerging to the intestine lumen, the peak fecal oocyst counts, up to 
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800000 opg (oocysts per gram), cannot be considered to represent benign infection (Oksanen et 
al., 1990). 
 
2.2 Gastrointestinal nematodes 
 
Gastrointestinal nematodes that typically parasitize reindeer all have direct life cycles. Eggs of 
strongylid nematodes are shed on pasture within the feces. A first-stage larva (L1) hatches from 
the egg and moults twice to become an infective third-stage larva (L3) (reviewed by Hrabok, 
2006). In the case of the subfamily Nematodirinae, the development of the L3 occurs within the 
egg and thereafter the egg hatches, releasing the infective larva on pasture. Strongylid larvae and 
Capillaria, Trichuris and Skrjabinema eggs containing infective larvae are transmitted via the 
intake of vegetation. The pre-parasitic infective L3 stages of strongyles can withstand the harsh 
climatic conditions in the environment of the Arctic, and parasite transmission occurs 
continuously throughout the year for nematode parasites of reindeer (Halvorsen et al., 1999). 
 
Strongylids 
Among the gastrointestinal strongyles, or strongylids, those of the abomasum are considered the 
most important production limiting parasites of ruminants (Sykes, 1987; Fruetel and Lancaster, 
1988). The dominant species in reindeer is Ostertagia gruehneri along with its minor 
morphotype, O. arctica (Bye and Halvorsen, 1983; Bye, 1987; Nikander, 1988; Halvorsen et al., 
1999; Hrabok, 2006; Kutz et al., 2012). It is important to note that all of the ostertagiine 
nematodes, including species of Ostertagia, Marshallagia and Teladorsagia that occur in 
ruminants from the Arctic are polymorphic, and are represented by two or three discrete males 
depending on the genus, with one morphotype (termed the “major”) that is usually dominant in 
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an infection (e.g., Lichtenfels and Pilitt, 1989; Hoberg et al., 1999, 2012). This phenomenon has 
confounded identification, and most particularly has led to some erroneous reports in the 
literature when species diversity is documented (e.g., Hoberg et al., 2012).  
 
Among the ostertagiines, eggs passed in feces develop into infective-stage larvae (L3) often in 3–
4 weeks, but the rate of development is temperature dependent (Hoar et al., 2012). Freeze 
tolerance of O. gruehneri eggs is unknown, but eggs of the related ostertagiine Marshallagia 
marshalli in the High Arctic Svalbard reindeer survive prolonged freezing (Carlsson et al., 2013). 
Although eggs of ostertagiines and most gastrointestinal strongyles are morphologically similar 
(Fig. 1, A), those of Marshallagia sp. can be immediately distinguished by large dimensions.  
 
Once acquired by the host while grazing, the L3 moult to the fourth-stage (L4) in the abomasal 
mucosa before developing into adult worms. The time (prepatent period) between ingestion of the 
L3 and development to the egg producing adult stage can be as short as 21 days (Halvorsen et al., 
1999). In Finland, O. gruehneri appears to maintain an annual cycle, and infected calves are 
shedding parasite eggs already by midsummer and the end of the first summer, which may be 
associated with type I ostertagiosis (Oksanen et al., 1990; Hrabok, 2006; Laaksonen et al., 2008; 
Manninen et al., 2014; Jokelainen et al., 2019). A second developmental pathway of these 
parasites, which tends to occur when L3 are ingested late in the summer, is to overwinter in a 
hypobiotic state in the mucosa of the abomasum. Maturation and emergence from the mucosa the 
following spring leads to the syndrome known as type II ostertagiosis (Armour and Duncan, 
1987; Hoar et al., 2012; Kutz et al., 2012). Among nematodes derived from either pathway, egg 
output generally peaks in mid-summer (Irvine et al., 2000; Stien et al., 2002b; Hoar et al., 2009) 
or in late summer-autumn (Hrabok et al., 2006). Although much of the published information 
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regarding abomasal nematodes is for domestic livestock, infection with O. gruehneri has been 
associated with decreased food intake (Arneberg et al., 1996) and reduction in body condition 
and fecundity in reindeer (Stien et al., 2002a; Hughes et al., 2009; Steele, 2013). Ostertagiosis 
may result in substantial inflammation, hemorrhage, edema, and protein and blood loss especially 
in the heavily infected bovine calves in their second winter before the immunity against 
Ostertagia sp. has developed (Lloyd and Soulsby, 1987; Klesius, 1993). This syndrome is also 
suspected to occur in reindeer (Rehbinder and von Szokolay, 1978).  
 
Models have demonstrated that the fitness impact of O. gruehneri (and its minor male 
morphotype O. arctica) is significant enough to play a role in regulating the population dynamics 
of Svalbard reindeer (Albon et al., 2002; Carlsson et al., 2016). There are also reports of a 
broader assemblage of trichostrongylids in reindeer, especially other polymorphic species of 
ostertagiines: O. leptospicularis (and the minor male morphotype O. kolchida), O. ostertagi (and 
O. lyrata), Teladorsagia circumcincta (T. trifurcata and T. davtiani), and Marshallagia marshalli 
(and M. occidentalis) (Rehbinder and Christensson, 1977; Rehbinder and von Szokolay, 1978; 
Bye and Halvorsen, 1983; Bye, 1987; see Drózdz (1995) and Hoberg et al. (1999, 2012) for 
discussions of taxonomy among the ostertagiines).  
 
Marshallagia marshalli is typical in wild Svalbard reindeer (Bye et al., 1987), but has not been 
reported in Fennoscandia among reindeer. Haemonchus contortus has been reported to infect 
Russian reindeer (Pryadko, 1976). Many species, listed above, that principally parasitize other 
cervids or domestic ruminants, have been found as abomasal nematodes in reindeer (Oksanen, 
1999; Hrabok, 2006; Kutz et al., 2012) and O. gruehneri has been reported in sheep sharing the 
same pastures with reindeer (Manninen et al., 2014). 
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Historically, levels of abundance and prevalence of strongyles in reindeer has been low to 
moderate. This observation contrasts with current abundance of strongylids (as demonstrated by 
proportion shedding eggs) which was significantly higher among reindeer calves in the most 
recent study (Jokelainen et al., 2019) relative to baselines established a decade earlier (Laaksonen 
et al., 2008). In the most recent study, more than 75% of the reindeer calves examined were 
demonstrated to shed strongylid eggs (Jokelainen et al., 2019).  
 
Nematodirus/Nematodirella 
Nematodirines, Nematodirella longissemispiculata (=N. longispiculata) and Nematodirus tarandi 
tend to dwell in the small intestines primarily in young reindeer (Bye, 1987; Fruetel and 
Lankester, 1989; Oksanen et al., 1990; Hrabok et al., 2007; Kutz et al., 2012). Additional species 
generally characteristic of other ungulate hosts, like Nematodirus skrjabini, may also parasitize 
reindeer (Dikmans, 1935; Bergstrom, 1983; Lichtenfels and Pilitt, 1983; Fruetel and Lankester, 
1989; Hoberg et al., 2001). Based on recent sampling in Fennoscandia and compared to historical 
baselines, prevalence of Nematodirus sp. has not changed significantly. For example, it was 16% 
among 115 reindeer calves a decade ago (Laaksonen et al., 2008) and 22% among 480 reindeer 
calves in the most recent study (Jokelainen et al., 2019).  
 
Eggs among genera and species of nematodirines are similar and cannot be distinguished 
morphologically (Fig 1, B). The freeze and desiccation tolerant eggs are produced throughout 
winter (Fruetel, 1987; Hrabok, 2006). It appears that the epidemiology and lifecycle of these 
parasites in reindeer resembles patterns observed in sheep (Soulsby, 1982). Reindeer develop 
immunity and become highly resistant to re-infection in their second summer (Hrabok et al., 
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2007). However, some nematodirines have been seen in high prevalence in adult female caribou 
(Steele et al., 2013) and in males during rut (Fruetel, 1987; Moroni, B., unpublished data).  
 
Capillaria spp. 
Capillaria spp. (Trichocephalida: Trichuridae) are parasites of a diverse assemblage of mammals 
and birds. Adults are characteristically thread-like, 8–20 mm long, and in ruminants inhabit the 
small intestine (Soulsby, 1982). There remains some confusion and uncertainty about species 
identity of Capillaria in free-ranging ungulates, including cervids. Species of Capillaria have 
been encountered in reindeer from the Kola Peninsula and in zoo-parks from Russia (Mitskevich, 
1959a). Typical eggs with symmetrical bipolar plugs (Fig. 1, C) have been observed in reindeer 
feces from Fennoscandia (Christensson and Rehbinder, 1975; Rehbinder and Christensson, 1977; 
Nordkvist et al., 1983; Oksanen et al., 1992, Hrabok et al., 2006; Laaksonen et al., 2008), from 
Iceland (C. bovis) (Gudmundsdóttir, 2006) and in a zoo-park from Germany (Markowski, 2013). 
These parasites shed eggs throughout the year and appear to be most abundant in the coldest 
winter months. Based on egg output, the parasite appears to be more common in calves (Hrabok, 
2006). Species of Capillaria have not been reported to be associated with any specific symptoms 
in ruminants (Soulsby, 1982) although as documented by Wakelin and Lee (1987), heavy 
infection can cause enteritis and diarrhea. Little is known about this abundant reindeer parasite 
although it has been reported to be a dominant parasite of reindeer in zoo enclosures (Markowski, 
2013). In Fennoscandia, Capillaria sp. prevalence was 8% among 115 reindeer calves in an 
earlier study (Laaksonen et al., 2008) and 9.4% among 480 reindeer calves in the most recent 
collections (Jokelainen et al., 2019).  
 
Trichuris spp. 
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Trichuris spp. (Trichocephalida: Trichuridae), generally known as “whipworms”, are parasites 
inhabiting the intestines of many mammal species. They can produce an acute or chronic 
inflammation in the caecum. Eggs (Fig. 1, D) dispersed in feces are long-lived and resistant to a 
range of weather conditions. The embryonated eggs contain an infective stage larva and after 
ingestion by the host they hatch to establish patent infections in the definitive host. At least five 
species of Trichuris have been reported in reindeer from Russia (Mitskevich, 1959b; 1965). 
Trichuris spp. are not commonly observed in reindeer nor in moose (Alces alces) from Europe 
and are considered of no concern in wild moose (Lankester and Samuel, 2007). Trichuris spp. 
can however cause bloody diarrhea, especially in young animals (Hoeve et al., 1988) and merit 
attention in captive or farming situations (Clauss et al., 2002; Lankester and Samuel, 2007). In 
Europe, Trichuris spp. infections in captive moose have been associated with host aggregation 
during grazing on pasture and with supplementary feeding. Furthermore, these parasites may be a 
component of the Wasting Syndrome Complex, a condition of chronic diarrhea and body mass 
loss (Clauss et al., 2002; Milner et al., 2013), which is not to be confused with the prion disease 
Chronic Wasting Disease. In Finnish zoos, Trichuris sp. is a frequent cause of diarrhea in moose, 
and the death of one reindeer, which lived in close contact with sheep, has also been attributed to 
Trichuris sp. (Oksanen, A., unpublished data). In a recent epidemiological study, Trichuris sp. 
eggs were detected in three reindeer calves from Finland (Jokelainen et al., 2019).  
 
Skrjabinema spp. 
Commonly known as “pinworm,” Skrjabinema is a genus within the family Oxyuridae. The life 
cycle is direct, and infection occurs through the ingestion of eggs containing larvae, which are 
deposited on the perianal skin by females (Sapozhnikov, 1969). The eggs are easily identified 
based on their asymmetric shape (Oksanen, 1999). The adults live in the caecum of ruminants. 
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Skrjabinema spp. are not regarded as pathogenic (Soulsby, 1982) but occasionally are observed in 
sheep and goats and free-ranging ungulates (Borgsteede and Dercksen, 1996). Skrjabinema 
tarandi has been reported in reindeer from Fennoscandia (Josefsen et al., 2014). In a recent 
epidemiological study, eggs of Skrjabinema sp. were detected in one reindeer from Finland 
(Jokelainen et al, 2019).  
 
2.3 Gastrointestinal cestodes 
 
Reindeer are definitive hosts of a number of species of cestodes of the family Anoplocephalidae. 
These parasites are hermaphroditic flatworms with complex lifecycles. As adults, ranging up to 
several meters in length, they live in the intestines of reindeer. Tapeworm segments (proglottids) 
are passed in the feces and eggs are then ingested by arthropod intermediate hosts (oribatid mites, 
insects or springtails (Collembola)), (Samuel and Gray, 1974; Soulsby, 1983; Elliott, 1986; 
Kozlov, 1986; Denegri, 1989; Xiao and Herd, 1992), where they undergo temperature-dependent 
development (Narsapur and Prokopic, 1979) to the cysticercoid stage. Reindeer are infected when 
they ingest infected arthropods from pastures.  
 
Cestodes are found across most of the reindeer range in Fennoscandia. Species that have been 
reported across the Holarctic include Avitellina arctica in caribou from Canada (Gibbs, 1960), 
Moniezia benedeni, M. taimyrica, and M. rangiferina in reindeer from Russia, Norway, and 
South Georgia Island, and possibly a species of Thysanosoma (Mitskevich, 1960; Semenova, 
1967; Zelinskii, 1973; Pryadko, 1976; Leader-Williams, 1980; Bye, 1985).  
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Tapeworms of reindeer have been little studied in Fennoscandia. In Svalbard, 6 of 16 (43%) 
calves had cestodes (Bye, 1985). In Fennoscandia, the prevalence of Moniezia sp. egg shedding 
was 18% among 115 reindeer calves in an earlier study (Laaksonen et al., 2008), and statistically 
significantly higher, 28%, among 480 reindeer calves in a more recent study (Jokelainen et al., 
2019).  
 
Recent molecular phylogenetic analyses by Haukisalmi et al. (2018) revealed that specimens of 
Moniezia from moose and reindeer were not conspecific with those species commonly reported in 
domestic ruminants. These conclusions indicate that identifications of Moniezia spp. in northern 
cervids as either M. expansa or M. benedeni are likely to be incorrect. Further, at least two of the 
putative species-level taxa found parasitizing moose and reindeer from the Holarctic have not 
been previously recognized. These findings demonstrate a species complex and challenge the 
results of earlier studies concerning the diversity and ecology of Moniezia spp. in northern 
cervids. Eggs in feces can be identified to the generic level morphologically, but not reliably to 
species (Fig. 1, E).  
 
Very little is known of the impact of cestodes in reindeer. These tapeworms appear most common 
in young animals (Kirilenko, 1975; Soulsby, 1982; Bye, 1985). There is little doubt that 
infections of low intensity are of little importance (Low, 1976; Rehbinder and Christensson, 
1977; Soulsby, 1982). Heavy infections, with a solid mass of tapeworms in the intestine, can 
cause clinical signs including ill health, weight loss, and diarrhea (Hellesnes, 1935; Polyanskaya, 
1961; Kirilenko, 1975; Laaksonen, 2016). 
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3. Discussion 
Our review provides an overview of the available data regarding gastrointestinal parasites of 
reindeer in Fennoscandia, where host-parasite systems have the potential to be strongly 
influenced by outcomes of climate warming and environmental change. These impacts have 
already been clearly observed as a major influence on the distribution of vector-borne parasites 
and expanding disease in Finland, and among an assemblage of filarioid nematodes that is of 
direct concern for semi-domestic reindeer (e.g., Laaksonen et al., 2007; 2010; 2017). Field-based 
explorations of parasite development for an array of gastrointestinal nematodes, tapeworms and 
protozoans (e.g., temperature and moisture, resilience and the parameters that can limit, control 
or facilitate the persistence and dissemination of parasite infections) are increasingly important 
given the pace of environmental change at high latitudes (Hoberg et al., 2017). Baselines and 
monitoring are essential and may become critical with a potential failure of antiparasitic 
interventions on which we have relied for parasite control. This apparent and potential 
convergence or synergy for ameliorating environmental conditions may favor parasite 
transmission. For example, the increase in proportion of reindeer calves shedding eggs of 
strongylids has increased from historical estimates and significantly within a decade recently 
(Laaksonen et al., 2008; Jokelainen et al., 2019). Observations like this would merit further 
studies to evaluate whether they reflect changing management or environmental conditions. 
 
Furthermore, concerns of potential loss of effective control measures demonstrate a need for 
targeted monitoring to reveal changes in parasite diversity and distribution, and emergence of 
disease or related economic impacts that can directly influence food sustainability and 
availability (Brooks et al., 2014; Hoberg and Zarlenga, 2016; Laaksonen et al., 2017). Moreover, 
potential changes in host populations, including free-ranging wildlife, semidomesticated animals 
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and domestic animals, and in their parasitic fauna, should be taken into account in monitoring and 
research efforts. The interface between wild, semidomesticated and domestic animals merits 
more attention, and transdisciplinar collaboration and intersectoral communication should be 
encouraged. The situation in Fennoscandia is changing, and establishing monitoring targeting 
suitable indicator parasites, e.g., monitoring of the gastrointestinal parasites strongylids and 
Eimeria sp. in reindeer (Jokelainen et al., 2019), would ensure that reindeer management stays 
informed and can adapt.  
 
From our review of the literature, covering both historical baseline data and recent field-based 
studies, it is evident that the balance between reindeer and their gastrointestinal parasites, 
especially nematodes, requires ongoing monitoring and further studies. Pertinent are the effects to 
reindeer health and welfare, dynamics of the parasites in reindeer and on pasture, their lifecycles, 
potential adaption to rapidly changing environmental conditions in the Arctic and the possible 
development of resistance against the most widely used antiparasitic, ivermectin. Molecular 
methods and phylogenetic studies are welcomed to confirm and challenge previous knowledge 
that is largely based on morphology. The interaction of climate in determining the potential 
geographic range of some parasites (through limitations on development or resilience on grazing 
lands), and the potential for origins and spread of antiparasitic resistance are a particular concern 
and represent a broader generality for ungulate parasite systems even in the temperate-boreal 
zone (Hoberg et al., 2008). Several aspects, including economics as well as timing, extent and 
targeting of the antiparasitic application and use of other nonchemical means of prevention 
should be identified and evaluated (Haider et al., 2018; Jokelainen et al., 2019).  
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Figure legends 
 
Figure 1. Eggs and oocysts of parasites of reindeer (Rangifer tarandus tarandus): strongylid (A), 
Nematodirus sp. (B), Capillaria sp. (C), Trichuris sp. (D), Moniezia sp. (E), Eimeria sp. (F). 
Scale bars 20 µm. 
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Highlights 
 
 Infections with gastrointestinal parasites are common in reindeer  
 Knowledge gaps are several, and baseline data are needed 
 The balance between reindeer and their parasites needs careful monitoring  
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